WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 
A61K 38/27 



Al 



(11) International Publication Number: WO 00/23097 

(43) Internationa! Publication Date: 27 April 2000 (27.04.00) 



(21) International Application Number: PCT/SE99/0 1 898 

(22) International Filing Date: 21 October 1999 (21 .10.99) 



(30) Priority Data: 

9803623-9 



22 October 1998 (22.10.98) 



SE 



(71) Applicant (for all designated States except US): SAHLTECH 

I GOTEBORG AB [SE/SE]; Kjell Zachrisson, Engelbrekts- 
gatan 56, S-41 1 39 GOteborg (SE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): RUDLING, Mats [SE/SE]; 
Edsviksvagen 85, S-191 43 Sollentuna (SE). ANGELIN, Bo 
[SE/SE]; Sryrmansgatan 24, S-l 14 54 Stockholm (SE). 

(74) Agents: BERGVALL EFTRING, Stina, Lena et al.; Dr Ludwig 
Brann Patentbyra AB, P.O. Box 17192, S-104 62 Stockholm 
(SE). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM, EE, 
ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, 
KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, 
MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, 
SD, SE, SG, SI, SK, SL, TJ, TM, TO, TT, TZ, UA, UG, 
US, UZ, VN, YU, ZA, ZW, ARIPO patent (GH, GM, KE, 
LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, 
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GW, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: USE OF GROWTH HORMONE OR ANALOGUES THEREOF FOR THE TREATMENT OF MAMMALS WITH FAMILIAL 
HYPERCHOLESTEROLEMIA 

(57) Abstract 

The invention relates to the use of compounds selected from GH, analogues thereof, and GH-releasing compounds, optionally in 
combination with lipid-lowering agents or therapy, for the preparation of a drug for treatment of mammals with familial hypercholesterolemia 
of homozygous form. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6tc d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


IX 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/23097 



PCT/SE99/01898 



^SSSS^^ ° R ANAL ° GUES THERE0F FOR ™* ^AmENT OF MAMMALS WITH FAMILIAL 

Brief description of the invention 

The present invention relates to the use of biologically active compounds selected from GH, 
analogues thereof and GH-releasing compounds, as lipid lowering agents for the preparation 
' of a drug for the treatment of mammals with homozygous familial hypercholesterolemia. By 
the furnishing of a drug comprising compounds selected from GH, analogues thereof and GH- 
releasing compounds, optionally in combination with further lipid lowering treatment, ele- 
vated plasma cholesterol in LDLR deficient mammals with familial hypercholesterolemia of 
the homozygous form may be treated. 

Growth hormone (GH) has pleiotropic effects on cholesterol metabolism. GH stimulates the 
expression of hepatic low density lipoprotein (LDL)-receptors and the activity of cholesterol 
7<x-hydroxylase (C7aOH), a key regulatory step in bile acid synthesis. According to the pre- 
sent invention it is shown that GH treatment reduces plasma cholesterol in the situation of 
homozygous familial hypercholesterolemia as represented by the recently developed LDL- 
receptor knockout mouse strain. 

GH infusion into LDL-receptor knockout mice resulted in a 30-40% reduced plasma choles- 
terol level. In addition, the reduced enzymatic activities of cholesterol 7a-hydroxylase and 
HMG CoA reductase were normalized. It is concluded that GH treatment reduces the severe 
homozygous form of familial hypercholesterolemia in LDLR-deficient mice. Such therapy 
gives a beneficial effect in the heavily therapy resistant disease homozygous familial hyper- 
cholesterolemia, a disorder known to be strongly resistant to lipid-lowering treatment. 

In this specification and the appended claims the following abbreviations are used: 
C7aOH, represents cholesterol 7a hydroxylase; HMG CoA reductase, represents 3-hydroxy- 
3-methyl-glutaryl coenzyme A reductase; FPLC, represents fast performance liquid chroma- 
tography; GH, represents growth hormone; HDL, represents high density lipoprotein; LDL, 
represents low density lipoprotein; LDLR, represents low density lipoprotein receptor; 
LDLRKO, represents low density lipoprotein receptor knockout; SDS-PAGE, represents 
sodium dodecyl sulphate-polyacrylamide gel electrophoresis; TNA, represents total nucleic 
acid; VLDL, represents very low density lipoprotein. 
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Background of the invention 

Familial hypercholesterolemia (FH) is a common autosomal dominant inherited disease and is 
present in heterozygous and homozygous forms. 

Heterozygous FH occurs at a frequency of approx. 1:300-500 in the general population. The 
subjects have type II-A lipid pattern and approximately twice the normal low-density lipopro- 
tein (LDL) cholesterol levels. Heterozygotes have an increased risk to develop premature 
heart disease and their expected life span is reduced 10 to 15 years. FH heterozygotes have a 
mutation in the gene encoding the LDL receptor. This receptor is located on the surface of 
cells in the liver and other organs. The LDL receptors bind LDL and facilitate its uptake by 
receptor-mediated endocytosis and subsequent delivery to lysosomes, where the LDL is de- 
graded yielding free cholesterol for cellular use. When LDL receptors are deficient, the rate of 
removal of LDL from plasma declines, and the level of LDL rises in inverse proportions to the 
receptor number. The excess plasma LDL is deposited in scavenger cells and other cell types, 
producing atheromas and xanthomas. FH heterozygotes have one normal and one mutant 
allele at the LDL receptor locus; hence their cells are able to bind and degrade LDL at 
approximately half the normal rate. (See In: The metabolic and molecular bases of inherited 
disease. Seventh edition, Mac Graw-Hill, Chapter 62, Familial Hypercholesterolemia, by J.L. 
Goldstein et al., pp 1 98 1 -2030). 

Subjects with the homozygous form of FH (incidence = 1 : 1 0 6 ) have plasma cholesterol levels 
3-5-fold higher than normal subjects and frequently develop coronary heart disease in child- 
hood, almost invariably before 20 years of age. Homozygotes possess two mutant alleles at 
the LDL receptor locus, and their cells show a total or near total inability to bind or take up 
LDL. 

There are two animal models for FH that closely resemble the human disease. The first is a 
natural mutant strain of rabbits, Watanabe Heritable Hyperlipidemic (WHHL) rabbits, and the 
second is the recently available mouse LDLR knock-out (LDLRKO) strain developed by Herz 
et al (Ishibashi, S. et al. 1993. J. Clin. Invest. 92; 883-893). Previous studies in WHHL-rabbits 
have shown that homozygous animals have strongly suppress-ed activity of the regulatory 
enzyme C7aOH (Xu et al. 1995. J. Clin. Invest. 95; 1447-1 504). 

In the therapy of type II-A hyperlipidemia, the strategy is based on the concept of increasing 
the number of available hepatic LDL-receptors which in turn will reduce plasma cholesterol 
due to an increased hepatic uptake of LDL and LDL precursor lipoproteins, such as interme- 
diate density lipoprotein, (IDL). In heterozygous FH, the most effective therapy is by inter- 
fering with the enterohepatic circulation of bile acids by orally administered bile acid seques- 
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trants such as cholestyramine in combination with specific 3-hydroxy-3-methyl-glutaryl coen- 
zyme A (HMG CoA) reductase inhibitors. An increasing number of such drugs (statins and 
vastatins) have been introduced to the market. Such combined therapy can reduce, but does 
seldom completely normalize plasma LDL. 

However, in homozygotes that do not harbor any functional LDL receptors, other means to 
reduce the high LDL levels must be employed. This disease type is a candidate for gene 
therapy. Such treatment has been tested in laboratory animals using the LDLR gene and the 
gene encoding cholesterol 7a-hydroxylase (C7aOH), the key regulatory step in the synthesis 
of bile acids. (Ishibashi, S. et al. 1993. J. Clin. Invest. 92, 883-893, Spady, D.K. and Cuthbert, 
J.A. 1995. J. Clin. Invest 96; 700-709). The effects are unfortunately transient. So far, the only 
available therapy has been liver transplantation or plasmapheresis and/or selective extracorpo- 
real removal of cholesterol-rich LDL-particles. The latter therapy, if performed every 2-3 
weeks, can reduce but not normalize the increased plasma cholesterol level. Recently it has 
been shown that certain FH homozygotes can also benefit from high dose statin therapy 
(Marais, A.D et al. 1997. J. Lipid Res. 38:2071-8). Therefore, until gene-therapy will be clini- 
cally available, there is a need of novel pharmacological therapeutic strategies in homozygous 
FH. 

Pituitary growth hormone (GH) has several effects on cholesterol and lipid metabolism. We 
have previously shown that GH therapy has a stimulatory effect on the hepatic LDLR expres- 
sion in both rats and humans (Rudling, M. et al. Proc. Natl. Acad. Sci. USA. 1992, 89; 6983- 
6987 ), and in particular we have identified GH as an important stimulator of the enzymatic 
activity of C7ctOH (Rudling et al, 1997, J. Clin. Invest. 99; 2239-2245). We have shown that 
GH stimulates C7ctOH activity, not only in hypophysectomized animals, but also in normal 
young rats (P. Parini, et al. 1999, Cholesterol and lipoprotein metabolism in aging: reversal of 
hypercholesterolemia by growth hormone treatment in old rats, Arterioscl. Thromb. & Vase. 
Biol. 19;832-839). The experiments were performed in mammals expressing normal LDL 
receptors. 

From "Current opinion in Lipidology", 1997,Vol. 8, p. 337-341 by B. Angelin as well as from 
"Metabolism", 1996, Vol. 45 No. 1 1, p. 1414-1421 by Tostad et al. it was evident that familial 
hypercholesterolemia of the heterozygous form may benefit from treatment with GH because 
such patients express functional LDL receptors. 

However, because homozygotes do not harbor functional LDL receptors, it was not for a man 
skilled in the art obvious that the homozygous form of the disease may benefit from GH treat- 
ment. 
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Description of the invention 

We have now surprisingly found that administration of compounds selected from GH, ana- 
logues thereof and GH-releasing compounds, optionally in combination with established 
lipid-lowering treatment, to mammals with familial hypercholesterolemia of homozygous 
form has beneficial effects on plasma cholesterol levels. We can show that the infusion of GH 
to LDLR deficient animals reduces total plasma and LDL cholesterol levels. This occurs in 
parallel with a normalization of a suppressed C7aOH enzymatic activity. In addition, we have 
also found that GH treatment can potentiate the effect of statins and bile acid sequestrants, 
two important classes of lipid lowering drugs used in established treatment of patients. 

By the present invention it is also shown that GH therapy can be used to reduce plasma LDL 
cholesterol in FH of the homozygous form. Thus GH treatment alone, optionally in combina- 
tion with established lipid lowering treatment, can be used to treat mammals characterized by 
a deficiency of LDL receptors. Therefore, GH could become an adjuvant to current therapy of 
FH-homozygotes. 

Detailed description of the invention. 

The present invention is directed to the use of compounds selected from GH, analogues 
thereof and GH-releasing compounds, optionally in combination with conventional lipid 
lowering agents, for the preparation of a drug which reduces the serum lipids in a mammal 
that displays the syndrome of FH of the homozygous form. The therapy may also be combined 
with established lipid-lowering treatment. The type of GH that can be used includes natural or 
recombinant GH, and variant molecules of GH or analogues with the common denominator of 
ultimately being capable to activate a GH receptor signal in cells in the species that displays 
the syndrome of FH of homozygous form. One example of GH is Genotropin, which is manu- 
factured by Pharmacia & Upjohn. Examples of analogues are compounds that can enhance 
GH release or interfere with the cellular mechanisms of GH action. Compounds that cause 
GH release is exemplified by GH-releasing hormone, somatostatin-antagonists, hexarelin, and 
the Merck growth hormone releasing compound L-692 429. The route of GH administration 
to mammals can vary and a common way of administration is by injection therapy. Alternative 
routes of administration may however be applicable in the practice of the present invention. 
Such alternative routes for GH administration that presently exist or may be developed in- 
clude oral, nasal, rectal and transdermal GH therapy. The dose of GH to be used for the treat- 
ment of the syndrome of FH of homozygous form may vary dependent on the GH used and 
the species to be treated as well as the clinical evaluation of a patient. In humans, GH would 
preferably be injected 7 times a week but less frequent injections could be used as long as the 
criteria of activating a GH receptor signal that results in reduction of cholesterol is met. 
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One embodiment of the present invention includes the combined treatment with GH and a 
lipid lowering therapy as LDL apheresis or with compounds preferably selected from the list 
of lipid lowering drugs that include for example statins, and bile acid sequestrants such as 
cholestyramine. Today there are five statins available on the market in Sweden, atorvastatin, 
cerivastatin, fluvastatin, pravastatin and simvastatin. 

The dose ranges of these drugs will be the ones recommended by the respective suppliers for 
clinical use. The daily dose of human GH (such as Genotropin) would preferably be in range 
from 0.02 to 0.14 IU /kg depending on the responses obtained. The duration of treatment ac- 
cording to the present invention includes GH treatment in a continuous or in a discontinuous 
fashion with or without the combination of other types of lipid lowering drugs or procedures. 
The duration of treatment is dependent on the judgement of the responsible physician. It is 
preferable that the duration of treatment is lasting for several months and that the effect of 
treatment is monitored at least every half year by analysis of serum cholesterol. 

The syndrome of FH suitable for treatment according to the present invention includes homo- 
zygous LDLR mutations of any kind that result in deficient LDLR function. Such patients can 
be identified clinically from an elevated plasma cholesterol value. In a more refined diagnosis 
the LDLR gene could be sequenced or the pattern of lipoproteins determined. 

This invention includes all embodiments disclosed in the appended claims. 

In the following we provide examples that illustrate the present invention. These examples 
only serve the purpose of illustration of the invention and are not to be considered limitations 
thereof. 

Methods 

Animals and experimental procedure : The studies were approved by the Institutional Animal 
Care and Use Committee, Sweden. Altogether 75 male LDLRKO and 45 C57 BL/6J mice 
were purchased from Bommice, Denmark. Animals were housed under standardized condi- 
tions in groups often. The mice had free access to water and chow; the light cycle hours were 
between 6 a.m. and 6:00 p.m. At the start of the experiment, osmotic mini pumps containing 
GH were implanted subcutaneously under light ether anesthesia. Non-GH treated animals 
were sham-operated. Recombinant human GH (Genotropin®), purchased from Pharmacia & 
Upjohn, was infused at a rate of 1.0 mg/kg per day. After six days of infusion, animals where 
anesthetized with ether, and blood was collected from the eye. The mice where thereafter 
killed by cervical dislocation. The livers were immediately removed and when indicated, 1 g 
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of liver was taken for subsequent preparation of microsomes for assay of enzyme activity as 
described below. The remaining liver was immediately frozen in liquid nitrogen and stored at 
-70°C. 

In the experiment comparing the effects of cholestyramine, atorvastatin, GH, and combina- 
tions thereof, animals were bled from the eye under light ether anesthesia and were not killed. 
Feces were collected at two occasions during two days, the first period starting 4 days prior to 
initiation of treatment and the second from day 3 to day 5 during drug treatment. Animals 
were allowed to walk on a metal grid during the two days of feces collection. Samples were 
collected daily and pooled. Cholestyramine (Questran ™), obtained from Bristol-Myers 
Squibb, was added to groimd mouse chow at a final concentration of 2%. Atorvastatin 
(Lipitor™) was purchased from Parke-Davies as 20 mg tablets. Ground tablets were added to 
gTound mouse chow to a final concentration of 1 500 mg atorvastatin/ kg ground chow. 
Assuming a daily food intake of 2-3 g of 25 g mice this should correspond to a daily dose of 
120-1 80 mg/kg. 

The total hepatic cholesterol was determined, following extraction and subsequent drying un- 
der nitrogen from liver samples, as described (Rudling M. J. Lipid Res. 33: 493-50 1992). 
Total hepatic and plasma cholesterol and plasma triglycerides were assayed using commercial 
available methods (Boehringer-Mannheim, Mannheim, Germany). 

Enzvmatic activities of HMG CoA reductase and C7aOH . Hepatic microsomes were prepared 
by differential ultracentrifugation of liver homogenates in the absence of fluoride as previous- 
ly described (Angelin et al 1984, J Lipid Res. 25; 1 159-1 166, Einarsson et al. 1986, J. Lipid 
Res. 27; 82-88, Einarsson et al. 1989, J. Lipid Res. 30; 739-746 ). Microsomal HMG CoA 
reductase was assayed from the conversion of [ 14 C] HMG CoA to mevalonate, and expressed 
as picomoles formed per mg protein per min. The activity of C7aOH was determined from the 
formation of 7a-hydroxycholesterol (picomoles/mg protein/min) from endogenous microso- 
mal cholesterol by the use of isotope dilution - mass spectrometry as described in detail. All 
enzyme assays were carried out in duplicate. 

Li pand blot as sa y of LDL-recentors was performed using l25 I-labeled rabbit p-migrating very 
low density lipoprotein (VLDL), as described previously (Rudling et al 1992. PNAS 89; 
6983-6987). Membrane proteins were separated by SDS-PAGE (6% poly-acrylamide). After 

• 125 

electrotransfer of proteins to nitrocellulose filters and subsequent incubation I-0-VLDL 
filters were exposed onto DuPont X-ray film at -70°C. 
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Size-fractionation of lipoproteins bv fast performance liquid chromatography (FPLC). Equal 
volumes of plasma from each animal were pooled (1-2 mL) and the density was adjusted to 
1.21 g/mL with solid KBr. After ultracentrifugation at 10 s g for 48 h, the supernatant was re- 
moved and adjusted with 0.15 M NaCl, 0.01% etylene diamine tetraacetic acid, (EDTA), 
0.02% sodium azide, pH 7.3. An aliquot of this solution was injected on a 54 x 1.8 cm 
superose 6B column after filtration through a Millipore 0.45 mm HA filter; 2-mL fractions 
were collected. 

Fecal bile acid excretion. This was measured by the method of Beher, W.T.S. et al. 1981 Ster- 
oids. 38: 281-295 as modified by Wolle et al. 1995, J.Clin. Invest. 96: 260-272. Briefly, feces 
were collected twice for two consecutive days and homogenized in two volumes (v/w) of 
water. Aliquots (corresponding to 1 g of feces) were incubated for 30 min. at 70° C, after ad- 
dition of 7 mL of ethanol. The mixture was filtered through a paper filter that was then rinsed 
once with 6 mL of 70°C ethanol. After drying a 4 mL aliquot under nitrogen, 2 mL of 3M 
NaOH were added and samples were hydrolyzed by incubation at 1 00°C for 2 h. After ad- 
justing pH to 9, the bile acid concentration was measured in a 70 uL aliquot using a fluores- 
cence system based on resazurin. 

Example 1 

Effects of GH on plasma lipids and hepatic chol esterol metabolism. 

Infusion of GH to C57BL/6J and LDLRKO mice. Two sets of ten animals of each strain were 
continuously infused at a rate of 1 mg/kg/d. After six days of treatment, animals were killed 
and plasma and livers were collected. 

Total plasma cholesterol and triglycerides were increased by 250 and 80 %, respectively in 
LDLRKO animals as compared to C57BL/6J mice (Fig.l). There was also a 45 % increase of 
total hepatic cholesterol in LDLRKO animals. Treatment with GH clearly reduced the total 
plasma cholesterol in LDLRKO animals whereas no significant effect was obtained in 
C57BL/6J mice. GH infusion to normal mice slightly increased total hepatic cholesterol 
whereas there was a slight reduction in LDLRKO animals. There was a slight but not signifi- 
cant reduction of total plasma triglycerides in LDLRKO animals whereas total plasma trigly- 
cerides were unaltered in C57BL/6J mice. 

FPLC separation of plasma lipoproteins showed that the reduction of cholesterol induced by 
GH in LDLRKO animals was within all size fractions (Fig. 2), although most pronounced 
within VLDL and LDL particles; the reduction in triglycerides was only within VLDL partic- 
les (Fig. 3). In C57BL/6J mice GH increased triglycerides within VLDL particles. 
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The absence of LDL receptors in LDLRKO animals was confirmed by ligand blot of hepatic 
membranes obtained from pooled livers from each animal group, using fl-VLDL as ligand (not 
shown). The expression of LDL receptors in C57BL/6J mice was not altered by GH treatment. 

To confirm this surprising finding of a plasma cholesterol lowering effect of GH in LDLR 
. deficient animals with pronounced hypercholesterolemia, the previous experiment was re- 
peated. In addition, we wanted to also determine the enzymatic activities of 3-hydroxy-3- 
methyl-glutaryl coenzyme A, (HMG CoA) reductase, and cholesterol 7a hydroxylase, 
(C7aOH), being the rate limiting steps in the synthesis of cholesterol and bile acids, respec- 
tively. Animals received the same dose of GH that was infused for six days. Subsequent assay 
of total plasma cholesterol and triglycerides, and total hepatic cholesterol (Fig. 4) showed 
practically identical results, although the reduction of total plasma cholesterol was slightly 
less pronounced. 

FPLC separation of plasma lipoproteins confirmed that GH lowered plasma lipoprotein cho- 
lesterol, particularly within VLDL and LDL particles (Fig. 5). In this experiment triglycerides 
were not only reduced among VLDL particles but also within LDL and HDL particles (Fig. 6). 

Assay of C7aOH activity showed a 40% increase in LDLRKO animals as compared to 
C57/BL6J animals (Fig. 7). Treatment with GH clearly increased the activity in both animal 
groups (by 1 1 5 and 46 % for C57/BL6J and LDLRKO mice, respectively). The enzymatic 
activity of HMG CoA reductase was strongly suppressed in LDLRKO animals (30 % of that 
found in control C57/BL6J animals, Fig. 8). GH treatment increased the activity of HMG CoA 
reductase in C57/BL6J and LDLRKO mice, by 53 and 113%, respectively. Assay of the 
mRNA levels for C7aOH by solution hybridization, (Fig. 9) showed a 60 % reduced abund- 
ance in LDLRKO animals, as compared to C57/BL6J animals. GH treatment increased the 
C7aOH mRNA level by 170% in LDLRKO mice, whereas there was a 50 % reduction in the 
C7ctOH mRNA level in C57/BL6J animals following GH treatment. 

HMG CoA reductase mRNA levels were slightly reduced in LDLRKO animals compared to 
C57BL/6J animals and GH infusion increased these by 20% whereas there was no effect in 
C57/BL6J mice. 

Thus, as in normal rats (P. Parini, et al. 1998. Cholesterol and lipoprotein metabolism in 
aging: reversal of hypercholesterolemia by growth hormone treatment in old rats. Arterioscl. 
Thromb. & Vase. Biol. In press), there was no reduction of plasma cholesterol in normal mice 
following treatment with GH, which also is in line with previous results on Sprague Dawley 
rats (Rudling et al, 1997, J. Clin. Invest. 99; 2239-2245). GH treatment of mice also stimu- 
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lated the activity of C7aOH, both in normal and LRLRKO animals. However, the activity of 
HMG Co A reductase was strongly suppressed in LDLRKO animals, and GH infusion in- 
creased the activity to the same level as found in normal C57BL/6J animals. This latter effect 
should theoretically strongly counteract the plasma cholesterol lowering effect of the hor- 
mone. 

Example 2 

GH treatment potentiates the effects of bile acid sea u estrants and HMG CoA reductase in- 
hibitors on plasma lipids. 

To evaluate if GH treatment could have beneficial effects in combination therapy with estab- 
lished lipid lowering drugs such as statins and bile acid sequestrants, groups of 5 mice were 
treated with cholestyramine, atorvastatin and GH alone and in combination. After 6 days of 
treatment, animals were bled from the eye and assayed for cholesterol and triglycerides. 

At the doses employed there were no effects on cholesterol following treatment with atorvas- 
tatin or cholestyramine alone whereas there was a 10 % reduction following GH. Atorvastatin 
and GH both reduced plasma triglycerides by approx. 20 %. When GH was given in combi- 
nation with cholestyramine or atorvastatin plasma cholesterol was reduced by 29 and 36% 
respectively, and triglycerides were reduced by 34 and 43%, respectively. Combination of all 
three drugs resulted in the strongest effect on plasma cholesterol, and a 43% reduction was 
obtained. Triglycerides were not further reduced. 

Assay of the content of fecal bile acids prior to and during treatment with the three drugs re- 
vealed that all three drugs could increase fecal bile acids when given alone (Fig 1 1). Fecal bile 
acids were highest when GH was combined with cholestyramine, whereas no further change 
was obtained when GH was combined with atorvastatin or with cholestyramine. 

Brief description of the Figures 

Fig. 1 is a graph that depicts total plasma cholesterol, triglycerides and total hepatic choles- 
terol in normal (C57 BL) and LDLRKO (KO) mice ± GH (lmg/kg/day) for 6 days. Each 
group consisted of 10 animals. Bars indicate SEM. 

Figs. 2 and 3 show the lipoprotein patterns in the four groups of animals described in legend 
to Fig. 1. Equal volumes of plasma from each animal were pooled and subjected to ultracen- 
trifugation at density 1.21. The supernatant was thereafter separated on a Superose 6 column 
and fractionated. Total cholesterol and total triglycerides were finally determined and the re- 
sults are presented in Fig. 2 and 3, respectively. 
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Fig. 4 shows total plasma cholesterol, triglycerides and total hepatic cholesterol in normal C57 
BL and LDLRKO (KG) mice ± GH (lmg/kg/day) for 6 days in a repeated experiment. Each 
group consisted of 10 animals. Bars indicate SEM. 

Figs. 5 and 6 demonstrate the lipoprotein patterns (cholesterol and triglycerides) in the four 
groups of animals described in legend to Fig. 4 after separation of pooled plasma by FPLC. 

Fig. 7 shows the enzymatic activity of C7aOH in microsomes prepared from pooled liver 
samples of the four groups of animals described in legend to Fig. 4. The means and standard 
error of means from three separate pools of all animals are shown. 

Fig. 8 shows the enzymatic activity of HMG CoA reductase in microsomes prepared from 
pooled liver samples of the four groups of animals described in legend to Fig. 4. The means 
and standard error of means from three separate pools of all animals are shown. 

Fig. 9 shows the mRNA abundance for the LDLR, HMG CoA reductase and C7aOH deter- 
mined by solution hybridization. Total nucleic acids were extracted from a sample of liver 
from each individual and incubated with the respective complementary radio-labeled cRNA 
probe. 

Figs. 10 and 1 1 show the total plasma cholesterol and triglyceride levels and the fecal bile 
acid content in LDLRKO mice following 6 days of treatment with cholestyramine, atorvas- 
tatin and GH. The three drugs were given alone or in the indicated combinations to groups of 
5 mice at doses described below under methods; Animals and experimental procedure. After 6 
days of treatment animals were bled from the eye under light ether anesthesia for the determi- 
nation of total cholesterol and triglycerides, (Fig. 10). Feces was collected during two days at 
two occasions; the first occasion starting 4 days prior to initiation of treatment (Fig. 11, open 
bars) and from day 3 to day 5 during drug treatment (Fig. 1 1 , filled bars). 
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Claims 

1. Use of compounds selected from GH, analogues thereof and GH-releasing corn-pounds, 
optionally in combination with lipid-lowering agents, for the preparation of a drug for the 
treatment of mammals with familial hypercholesterolemia of homozygous form. 

2. Use according to claim 1 of natural GH, recombinant GH, variant molecules of GH, and 
analogues thereof. 

3. Use according to any of claims 1 to 2 of GH-releasing compounds selected from GH- 
releasing hormone, somatostatin-antagonists, hexarelin and the Merck growth hormone re- 
leasing compound L-692 429. 

4. Use according to claim 1 to 3 of GH and analogues thereof in combination with agents se- 
lected from the group consisting of HMG CoA reductase inhibitors and bile acid sequestrants. 

5. Use according to any of claims 1 to 4 for the preparation of a drug that is administered in a 
continuous or discontinuous fashion by routes leading to the stimulation of a biological re- 
sponse from the GH receptor. 

6. Use according to any of claims 1 to 7 of GH and analogues thereof in an amount of 0.02 to 
0.14IU/kg. 

7. Use according to any of the previous claims of lipid lowering agents in the amounts rec- 
ommended for clinical use by respective suppliers. 

8. A method for the treatment of mammals with familial hypercholesterolemia of homozygous 
form by the administration of a compound selected from GH, analogues thereof and GH- 
releasing compounds. 

9. A method for the treatment of mammals with familial hypercholesterolemia of homozygous 
form by the administration of a compound selected from GH, analogues thereof and GH- 
releasing compounds optionally in combination with other lipid-lowering agents or treat- 
ments. 

10. A method for the treatment of mammals with familial hypercholesterolemia of homozy- 
gous form according to any of claim 8 and 9 by the administration of compounds selected 
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from natural and recombinant GH, variant molecules and analogues thereof and GH-releasing 
compounds selected from GH-releasing hormone, somatostatin-antagonists, hexarelin and the 
Merck growth hormone releasing compound L-692 429. 

1 1. A method of treatment according to claim 10 comprising administration of the active 
• agent as defined above in combination with therapy chosen from HMG Co A reductase in- 
hibitors, bile acid sequestrants, gene therapy and LDL-apheresis. 
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